Abstract. This paper reports three experiments that attempted to answer questions about the conditions under which brightness assimilation and brightness contrast are obtained. Brightness assimilation was found only under circumstances in which the gray portion of the visual display-the gray portion being compared with some other standard gray--was not the focus of attention. When attention was focused on this gray, brightness contrast was obtained. A theoretical explanation is offered in terms of the effect of attention on perceived average brightness.
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used a display that was seen as a gray rabbit on a black (or white) background. Rotated 1800, however, the display was seen as a gray space between two black (or white) faces of women. Thus, he could have the observers match the brightness of the identical gray in the identical stimulus display when that gray was figure and when it was ground. In another experiment he used stereoscopic stimuli to control which part of the display was seen as figure. A gray disc was made to stand out in front of a black (or white) ring, or the ring was made to stand out in front of the gray. Since observers perceive the part of the display that stands out in front as the figure, he could, again, have them match the brightness of the identical gray in a nearly identical stimulus display when the gray was seen as figure and when it was seen as ground. The results are rather clear. When the gray that is matched is seen as figure, there is significantly more brightness contrast than when that identical gray is seen as ground. Thus, there does seem to be a cognitive factor influencing the magnitude of brightness contrast.
To say that a cognitive factor such as the perception of figure affects simultaneous brightness contrast is interesting but not entirely satisfying. One would like to know how this cognitive factor operates, how it interacts with lateral inhibitory processes, and what the mechanisms are by means of which the magnitude of contrast is altered. A possible, relatively simple, theory suggests itself.
The visual system transmits information primarily about changes that occur, and not very much about steady retinal states. Evidence for this statement comes from both neurophysiological and psychological studies. Thus Hartline, on the basis of physiological evidence, stated that "the visual system is almost exclusively organized to detect change and motion."" The same conclusion was reached by others, on the basis of work with stabilized retinal images. It is well known that a stabilized image produced on the retina (so that normal eye movements no longer produce changes in stimulation) rapidly disappears. 
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there are no changes in stimulation on the retina, visual input seems to stop. This carries the implication that in normal vision, small continual eye movements produce changes in stimulation on the retina in the neighborhood of contours--that is, the neighborhood of sharp differences in intensity. This continual change in the stimulation of retinal receptors keeps information flowing in the visual system.
But if the visual system does not in fact transmit much information about steady retinal states, the attempt to explain normal visual experience presents some problems. For example, what happens if an observer looks at a large black square on a white background, maintaining reasonable fixation in the center of the square? Presumably there is considerable information input from the contour but little or none from the center of the uniform black square. How, then, does the observer see a uniform black square? It must be that the central nervous system, in the absence of reliable input from some area, assumes uniformity between contours.
A convincing demonstration of this process was provided by Krauskopf." The observer in this experiment is presented with a stabilized disc surrounded by a nonstabilized colored annulus. After a few seconds the stabilized disc fades and disappears. But what does the observer see then? He does not, of course, see an empty hole in a colored annulus. He simply sees a uniformly colored circle in his visual field. The same result has also been reported by Yarbus and Gerrits.12 Krauskopf (see n. 11) summarized the theoretical conclusions to be drawn as follows:
It would seem that information indicating the existence of contours between regions of the visual field determine how the regions themselves are perceived. Under normal fixation conditions, responses generated by the movement of the disk-annulus border over the receptors signal the existence of a change in stimulation between the disk and annulus. Under prolonged stabilized viewing, such information is absent and the whole field is seen in the color of the annulus since there only is information concerning the change in stimulation between the surround and the annulus. (p. 743) One might be tempted to maintain, on the basis of this kind of evidence, that no information at all is transmitted about steady states on the retina. This is not a plausible assertion, however, considering other neurophysiological evidence. Microelectrode recordings in the optic tract and in the lateral geniculate show that the firing rates for steady states are directly related to the intensity of stimulation on the retina.13 Nevertheless, these differences are small compared to the transient responses that signal the magnitude of change. We can at least maintain, therefore, that information about steady states is relatively poor and unreliable.
If the visual system does not transmit much reliable information about steady states, but only about changes that occur, then what determines the perception of absolute brightness levels? We would like to propose that the visual system takes a crude average of the relatively unreliable input about steady states across the entire visual field to establish an absolute brightness level. We would further like to suggest that areas of the visual field with 'figural' characteristics are overweighted in the computation of this crude average. Differences in brightness-that is, the changes in stimulation produced in the neighborhood of contours by continual eye movements-are then superimposed on this weighted average of brightness. The proposal that absolute brightness level is derived from a weighted average over the entire visual field is not a new idea. For example, in the attempt to explain the phenomena of brightness and color constancy, investigators such as Katz and Biihler proposed that the observer directly perceives the absolute level of illumination, this perception being derived from the entire visual field.14 More recently, Helson, addressing himself to the same problem, stated that "background reflectance, by virtue of the large area of background and because background furnishes the border for all samples in the field, is the most important single factor in the visual field determining adaptation reflectance which is to be regarded as a weighted mean reflectance of all parts of the visual scene" (italics ours).15 In general, of course, Helson's concept of adaptation level is similar in nature to our own proposal.
If such an overweighting of 'figure' occurs, the average bright- ness of a display in which the figure is brighter than the ground would be raised somewhat. The average brightness would be lowered on displays in which the figure was darker than the ground. Assuming that the information about differences in brightness is symmetrically superimposed on this weighted average of brightness, this would result in displacement of the brightness of all parts of the visual display. We can thus deduce the following effects. If a gray figure on a white ground is compared to an identical gray figure on a black ground, the perceived brightness of the former gray would be less than that of the latter gray. Thus, for figures one would observe brightness contrast. On the other hand, if one compares a gray ground with a white figure on it to an identical gray ground that has a black figure on it, the former gray would be perceived as brighter than the latter gray. Thus, for ground one would observe brightness assimilation. The combined effects of this process and the processes of lateral inhibition that push toward contrast might be expected to produce stronger effects for brightness contrast than for brightness assimilation.
The preceding analysis suggests that 'figure' contrasts from 'ground' and that 'ground' assimilates to 'figure.' However, Coren reported no instances of brightness assimilation in his data (see n. 8). He found brightness contrast for ground as well as for figure. His data showed only that there is more contrast when the test gray is figure.
Let us examine what is meant by 'figure' and by 'ground,' and consider why there might be a difference in the weighting given to these different parts of the visual field. We generally denote as figure that part of the visual field which captures the attention of the observer. This is the part of the display that he 'looks at,' that he examines, to which he is prepared to respond. The rest is background, to which he 'pays less attention.' Let us propose that it is the act of attention that produces the overweighing in the absolute brightness averaging and not the quality of 'figure' per se. Our theoretical suggestion then can be revised as follows: That part of the visual field which captures attention shows the phenomenon of brightness contrast; those parts of the visual field which are not attended to are likely to show brightness assimilation.
If this is a correct formulation, we can then offer a tentative explanation of why Coren found no brightness assimilation in his study (see n. 8). If the observer is asked to match the brightness of a test gray with a variable gray, then regardless of whether that test gray is figure or ground, regardless of whether it would normally capture his attention or not, he is forced to pay some attention to the gray he is required to match. Thus, since the observer is always paying some attention to the gray, Coren obtained brightness contrast in all conditions. The distribution of attention over the display, however, is not the same when the gray is figure and when the gray is ground. This results in a difference in the magnitude of brightness contrast among the different conditions.
If this relatively simple hypothesis can integrate and explain brightness contrast, brightness assimilation, and the effect of some 'cognitive' factors on these phenomena, then it must, of course, be able to deal with the known circumstances under which brightness assimilation is normally obtained. These known circumstances should turn out to be instances in which the observer does not carefully attend to the test gray he is judging. Therefore, let us consider in detail those displays that normally produce brightness assimilation.
The reader will recall that the kind of display which produces assimilation responses is one in which there are thin white (or black) striations on a gray ground. This has been shown both by Helson and Rohles and by Helson and Joy (see n. 4). Their data show that when the black or white stripes were thinner than the interspaced gray stripes, brightness assimilation was obtained. When, however, the gray stripes are thinner than the black or white stripes, brightness contrast is produced. Thin lines on a display are more likely to capture the attention and to be seen as 'figure,' thus producing the contrast or assimilation results that are found. Several investigators studied this question systematically and found, indeed, that the thinner portions of a reversible stimulus are more likely to be seen as figure than its broader portions."e We come to the conclusion, then, that displays which normally produce brightness assimilation are ones in which the test gray is seen as background. However, in explaining Coren's data we conjectured that asking the subject to match a test gray must force his attention onto that gray to some extent. How do displays that consistently produce brightness assimilation avoid this problem?
Let us examine, in detail, the procedures used in experiments that report brightness assimilation. These experiments typically present two gray rectangles side by side, one bearing thin white lines and the other bearing thin black lines. The observer is not asked to do any matching but is simply asked to report which gray looks lighter. In other words, the response asked for does not require very careful attention to the gray. In addition, the stimulusexposure times are always kept brief, typically about three seconds. In short, when the test gray is ground and the response required does not force attention to the test gray, and when the presentation time is brief enough so that the figure captures the attention effectively for that period of time, then one obtains brightness assimilation.
Our speculations are, of course, amenable to experimental testing. If the task facing the observer is one that forces attention to the test gray, then figures that normally produce assimilation should show contrast.
EXPERIMENT I
This experiment was designed to answer the question about the effect of the method of measurement on whether one observes brightness contrast or brightness assimilation. The methods of paired comparison with brief exposures and of brightness matching were employed, both with stimuli that have been used in assimilation studies and with stimuli that typically produce brightness contrast.
Method
Stimuli. The 'assimilation stimuli' were 10-cm. squares of gray paper (35% reflectance) with regularly spaced black (2.4% reflectance) or white (82% reflectance) vertical lines that were 6 mm. wide. The intervening gray stripes were 12 mm. wide. The 'contrast stimuli' were the same size and consisted of a gray vertical bar, 38 mm. wide, in the center, flanked by two black or two white bars, each being 31 mm. in width. Five practice stimuli were also used. Three of these were uniform grays: one 19% reflectance, another 35% reflectance, and the third 50% reflectance. The two other practice stimuli contained either a white or a black 38-mm. square in the center of a 35%-reflectance gray.
Apparatus. The observer viewed the stimuli through a 23 cm. X 38 cm. rectangular aperture equipped with a manual shutter. The stimuli were mounted 85 cm. behind the aperture on a black (2% reflectance) background. Procedure. Each S made both paired-comparison judgments and direct brightness matchings of the stimuli. Half of the Ss did the paired comparisons first, and the other half did the brightness matchings first. For the brightnessmatching situation, one stimulus was presented at a time and S set the rotor so that it matched the gray of the stimulus. Two matches were made, one starting with the rotor face obviously darker than the gray and another starting with the rotor face obviously lighter. The order of stimulus presentation follows. Each S first matched the uniform practice grays of 19% and 50% reflectance in mixed order. Matches were then made for the 35%-reflectance uniform gray, the same gray as on the test stimuli. The four test stimuli-two assimilation stimuli and two contrast stimuli-were then presented in mixed order.
To obtain paired comparisons, two stimuli-one with white and one with black-were simultaneously presented for 3 sec. and S was asked to state on which side, left or right, the gray was lighter. He was told to guess if uncertain. The two assimilation stimuli were presented side by side four times, and the two contrast stimuli were presented together four times. Two other pairs--one consisting of the black square on gray and the white square on gray, another of the 19%-and 50%-reflectance uniform grays--were each presented twice. The order of presentation of these stimulus pairs was random. Which stimulus in the pair appeared on the left or the right was balanced.
Results
With judgments made using the paired-comparison procedure and a 3-sec. exposure, we would expect the 'assimilation stimuli' to produce assimilation responses (the gray with white to be judged lighter) and the 'contrast stimuli' to produce contrast responses (the gray with black to be judged lighter). This is what was found, as Figure 1 shows. Seven subjects gave contrast responses on all four presentations of the contrast stimulus pair. Two gave three contrast responses and one assimilation response, and only one subject gave one contrast and three assimilation re- Table I shows, these results were quite different from those obtained by paired comparison. Here there was no longer any difference in the results produced by the 'assimilation' and by the 'contrast stimuli.' Both stimulus types produced brightness contrast. The gray with the white inducer was seen as significantly darker than the gray with the black inducer for both the contrast (p < .01, t = 5.91) and the assimilation stimuli (p < .01, t = 7.60). Using this procedure for measurement, brightness assimilation did not occur.
Discussion
The data are consistent with the idea that the difficulty in obtaining brightness assimilation, even when the test gray is background, lies in the measurement procedure that forces the observer Coren did not obtain anything but brightness contrast (see n. 8). Thus, it is still possible to maintain the hypothesis that the part of the visual field to which the observer pays attention shows contrast effects while the part to which he does not attend shows brightness assimilation. Presumably, the reason that we did obtain evidence of brightness assimilation with the proper stimuli on a 3-sec. exposure is that the thin black or white lines captured the observer's attention and the exposure time was too short for him to redirect his attention to the gray to which he was supposed to be responding. If this is a correct interpretation, then one might expect that, even using a paired-comparison procedure, the assimilation responses would tend to disappear if the presentation times for the stimuli were longer. With a longer presentation time, the observer would be able to shift his attention to the gray, and if this happened, the measurements would show brightness contrast. Experiment II was designed to investigate this question.
EXPERIMENT II

Method
The stimuli, the apparatus, and the general procedure were all similar to the paired-comparison portion of Experiment I. In this experiment the illumination incident on the stimulus plane was 30 ftc. In addition to a condition under which the pairs of 'assimilation' and 'contrast stimuli' were exposed for 8 sec., another condition was run in which the same stimulus pairs were exposed for 10 sec. In this latter condition the Ss were told to pay careful attention to the gray on the stimuli and were instructed not to respond until the shutter was closed at the end of 10 sec. When the subject was encouraged to pay attention to the gray, and when enough time was provided for the subject to attend to the gray, both types of stimuli yielded primarily contrast. responses. The difference in responses to the assimilation stimulus pair between the two experimental conditions was significant (p < .01, t = 5.55).
Discussion
Experiments I and II make the same single point. If one provides conditions that direct the observer's attention to the gray in those stimulus configurations which presumably produce brightness assimilation, one then observes only brightness contrast. Brightness assimilation seems to occur if, and only if, the observer's attention is caught and held by that part of the visual display which is not being judged. In the case of these so-called assimilation stimuli, the parts of the display that catch and hold the attention for brief periods are the thin black or white striations.
If our hypothesis of the effect of attention on whether one obtains contrast or assimilation is correct, however, the crucial aspect is not the existence of thin black or white striations. The crucial aspect is, rather, in capturing and holding the attention of the observer so that the test gray is not attended to even though it is the part of the display that must be judged. One should be able to devise other stimulus configurations that, at least for short periods of time, also attract and hold the attention of the observer. If our explanation is correct, these should also produce assimilation responses. And since moving objects in the visual field tend strongly to capture the attention of an observer, we should be able to use this property of movement to hold attention and thereby to produce brightness-assimilation responses for stimulus configurations that would normally show brightness contrast. Experiment III was designed to examine this question.
EXPERIMENT III
This experiment compared the responses to four different stimulus-pattern and stimulus-presentation conditions. For some stimuli, the figure was gray and the background was black or white. Since the figure captures the attention and the figure is the area to be judged by the observer, only contrast responses should be obtained 202 FESTINGER, CORENY AND RIVERS here, whether the figure is stationary or moving. For other stimuli, the figure was black or white and the background was gray, the gray being the part of the display to be judged. When these latter stimuli are exposed for 10 sec., there is sufficient time for attention to be shifted to the gray, and hence we would expect primarily contrast responses. When they are exposed for only 3 sec., there is less certainty that the observer has time to attend to the gray, and hence we would expect sometimes to obtain brightness contrast and sometimes brightness assimilation. And if, with these same stimuli presented for 3 sec., the black or white figure is made to move continually, this should help to capture and hold attention to the figure. Under these circumstances we would expect the gray to show primarily brightness assimilation.
Method
Stimuli. Each stimulus subtended a visual angle of 910'1 in width and 6* 28' in height. It was divided into two equal parts by a vertical black line 10' wide. Each stimulus had a pattern of gray and white on one side and an identical pattern with black instead of white on the other side. The gray was always 31% reflectance. Depending on the material used for constructing the stimuli, the blacks varied from 1.5% to 2.4% reflectance and the whites from 86% to 88% reflectance.
Four 'contrast stimuli' were prepared, using a gray figure on black and on white backgrounds. Two of these, a star and an H were stationary. For the other two, a circle moved from right to left and back, or a square moved up and down. The moving stimuli were made by preparing two or three stimuli in each of which the figure was in a different position so that when presented in succession at proper temporal intervals, apparent movement was seen.
Twelve sets of 'potential-assimilation stimuli' were prepared. These contained on one side a black, and on the other side an identical white, figure on a gray background. Each of these sets could be presented as a moving figure, or one of the set could be presented as a stationary figure. Thus, for example, one set showed a 0 changing into a 3, which then changed into an 8 and then changed back again. For a comparable stationary figure, only the 8 was presented. In another set an arrowhead could be made to flip back and forth from left to right. For a stationary figure an arrowhead pointing in just one direction was used. Two practice stimuli were also used. These had physically unequal grays on the two sides.
Apparatus. The stimuli were presented in a three-channel tachistoscope (Scientific Prototype Model GB320). The light incident on the plane of the stimulus was adjusted to 35.5 ftc. for each channel. Procedure. Each S was shown the four contrast stimuli and the twelve potential-assimilation stimuli. For any one S, four of the potential-assimilation stimuli were presented stationary for 10 sec., four were stationary for 8 sec., and four were moving for 8 sec. The presentation mode was balanced so that over all Ss, each stimulus was in each mode equally often. The contrast stimuli were all presented for 3 sec. To minimize any possible order effects, the 16 stimuli were presented in blocks of four, each block containing one contrast stimulus, one 3-sec., one 10-sec., and one moving potential-assimilation stimulus. The order of presentation within each block was also balanced.
Each S was instructed not to respond until the termination of each stimulus presentation. He was then to describe the stimuli and to indicate on which side of the stimulus the gray was lighter. He was asked to guess if uncertain. The instruction to describe the figures was intended to heighten the likelihood that S would pay some attention to the figure on each stimulus.
Results
Each subject made four judgments in each stimulus-presentation mode. A score from zero through four was given to each subject for each mode according to the number of contrast responses. If the subject did not give a contrast response, it was, of course, an assimilation response. Table II presents the means and standard deviations of this measure for the four presentation modes.
The 'contrast stimuli,' whether moving or stationary, yielded contrast responses almost exclusively. Twenty-two of the subjects gave four contrast responses; the other two subjects gave three contrast responses out of a possible four. Thus, when the gray to be judged was also the figure, so that all attention was centered on it, unequivocal brightness contrast was obtained. The 'potential-assimilation stimuli,' when presented for 10 sec. as stationary patterns, still yielded primarily contrast responses, although considerably fewer than did the contrast stimuli. The difference between these two was significant (p < .01 using a sign test). Eighteen subjects showed fewer contrast responses, five showed the same number, and only one showed more, on the 10-sec. stationary exposure than on the contrast stimuli. Contrast responses were obtained significantly more often than chance, however (p < .05). Fifteen subjects gave three or four contrast responses, while only four of them gave zero or one. The difference between the contrast stimuli and the 10-sec. stationary potential-assimilation stimuli was as expected, although not compelling from a theoretical point of view. After all, the amount of black or white that presumably produces the contrast was markedly different between these two sets of stimuli.
The comparison between the 10-sec. and the 3-sec. stationary conditions is more relevant theoretically. Here the subjects were comparing identical stimuli, the only difference being the duration of presentation. When these stimuli were presented for only 3 sec., significantly fewer contrast responses were obtained (p < .01). Seventeen subjects showed fewer contrast responses, four the same number, and only three give more contrast responses on the 3-than on the 10-sec. exposure. This again was in line with expectation. If the exposure time is so brief as to interfere with the transfer of attention from the figure to the gray, we would expect fewer reports of contrast. Again, however, the comparison was not compelling since we did not obtain, on the 3-sec. exposure, significantly more assimilation than chance would allow. The average was almost exactly 2.0, and one might argue that in a brief exposure, with little opportunity for examination, observers simply guessed, thus yielding chance results. This seems implausible since the contrast stimuli were also only presented for 3 sec., and the responses were clearly contrast responses. Nevertheless, it is a possibility.
The critical comparison lies between the 3-sec. stationary condition and the 3-sec. moving condition. This difference was highly significant (p < .01). Seventeen subjects gave fewer contrast responses, six the same number, and only one gave more on these moving stimuli than on the stationary ones. Furthermore, with the moving stimuli, significant evidence of brightness assimilation was obtained (p < .01). Only two subjects gave three or four contrast responses. Eighteen subjects gave zero or one contrast response. In other words, with this brief, 3-sec. exposure, and with CONTRAST AND ASSIMILATION 205 a stimulus where the figure so moved as to capture the attention of the observer, brightness assimilation with stimulus patterns that are not normally considered assimilation stimuli was obtained.
Discussion and Conclusions
The data from all three experiments are consistent with the theoretical explanation that we advanced. It is necessary, however, to look at other possible interpretations. The main alternative explanation that suggests itself concerns possible differential eyemovement patterns between different conditions. After all, eye movements and fixation points were not controlled in any of the experiments; the observers were free to move their eyes at will. It is quite plausible to suppose that an observer's eyes fixate differently depending upon what attracts his attention and depending upon the task. There are two separate ways in which such eyemovement differences could affect measurements of brightness contrast. First of all, there could be differences in magnitude of contrast depending upon the position of the image on the retina. Secondly, if the eye movements are different, the sequence of successive brightness contrasts could be different. Since our measures undoubtedly reflect a combination of simultaneous and successive brightness contrast, this might explain our data. Let us consider each of these possibilities.
As to the first possibility, let us begin by saying that we have found contrast effects if the observer pays attention to the test gray, and assimilation effects if the observer's attention is held away from the test gray. If we attempted to explain this result in terms of eye fixation and consequent different regions of the retina on which the image falls, we could restate it as follows. If the test gray falls in or near the fovea, one obtains contrast, and if the test gray falls on the retinal periphery, one obtains assimilation. The results would be adequately explained if one found that brightness-contrast effects were strongest at or near the fovea.
Unfortunately, we have not been able to find any good data in the literature that bears on this question. What little we have been able to find seems to indicate the opposite. Tschermak, considering the Schumann grid effect, came to the conclusion that contrast is stronger on the periphery of the retina than on or near the fovea."' More recently, Alpern measured the magnitude of meta-
